INTRODUCTION
Local anisotropies in polymer parts result from orientation effects of molecular chains, short fibers, or imbedded particles. These anisotropies determine the mechanical behaviour of the materials for different directions [1] . In the case of fiber reinforced polymers the strength depends on fiber orientation with respect to the applied stress direction. If one stress direction predominates, the fibers should preferably be aligned to it. But also shrinkage, e.g of molecular polymers, depends on material anisotropies. Therefore it is really important and of high industrial relevance to characterize the local orientation in polymer materials in a fast and nondestructive way.
MEASUREMENT SYSTEM
We developed a microwave system for nondestructive imaging of orientation fields [2] . The basic idea is that the material anisotropies are characterized by dielectric tensor properties: The polarizibility is stronger along fibers or molecular chains than perpendicular to them. This dielectric tensor can be investigated using transmission or reflection measurements with polarized microwaves. The angle between the electromagnetic field vector and the main anisotropy direction determines the propagation of microwaves [3, 4] . And so the idea of how to monitor anisotropies using microwaves is to measure the reflection or transmission for various directions. The measurement equipment of these investigations uses a rotating transmitter/ receiver assembly with an open ended waveguide and a metallic reflector plate behind the sample (Fig. 1) [5] . This open system performs measurements on extended platelike samples of various thicknesses. It is possible to tune the distances between the open ended waveguide and the sample and also between sample and reflector. These two distances affect the measured effective reflection. At a position where reflection is between the interference extrema, small dielectric differences can be detected with high sensitivity. Also one can measure the position of the reflector for an extremum, normally a minimum, of the effective reflection. If dielectricity changes, the length between the open ended waveguide and the reflector change for this working point. Rotation of the rectangular waveguide modifies the relative orientation of the electric field vector and the material orientation in the stationary sample. Therefore dielectric anisotropy results in a modulation of the measured effective reflection (Fig. 2) or the position of reflector. The modulation depth and the angle where the maximum occurs are both related to the degree and direction of material anisotropy, respectively. A convenient graphic representation of the result is a line whose length is proportional to the modulation depth and whose orientation is parallel to the polymer orientation (Fig. 2) . A two dimesional raster scan provides information on orientation fields. In the presentations of such orientation fields the results are characterized by a line for each raster point. The measurement system is automated. The rotation time is about 5 s and the position of the reflector is swept over a vibration mechanism at 10 Hz. The lateral resolution of the system is about 7 mm at a constant microwave frequency of30 GHz . i Fig. 4A shows the result ofa microwave investigation on a traditional moulded glass fiber reinforced sample. In Fig. 4B one can see that in the multi live feed process there is a very strong and homogenous orientation of fibres. These microwave results display the anisotropy effects found also with destructive testing of mechanical properties [6] . Dielectric anisotropy can be investigated in some more materials. Fig. 5 shows the orientation fields in Liquid Crystal Polymer (LCP) blends for various gates in the mould [7] . Of course it is more interesting to investigate orientation fields of more complex parts. The first example of such an inspection is the orientation image (Fig. 6 ) of a CJFRP part manufactured at the "Institut fUr Kunststofi'verarbeitung" (IKV) Aachen, CJermany [7] . The area scanned across is about 11 cm x 9 cm x 0.4 cm. Here strong differences in the orientation direction and degree of orientation become obvious as well as the weld lines behind the gaps. The obtained anisotropies of the last figures characterize the depth average of orientation. However as mould flow depends on depth, there may be strong orientation gradients between "core" and "skin". Therefore at the indicated region of Fig. 6 it is not clear whether the sample is isotropic or whether there are two orthogonal orientation layers in depth.
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Hence there is a considerable interest to extend microwave inspection to orientation depth profiling. Preliminary experiments indicate the feasibility of such depth profiling. The basic idea is that signal generation has a weight function that dependes on the electromagnetic field intensity for a certain sample depth and therefore on the location of the sample between the open ended wave guide and the reflector. By tuning distances and sample position in a suitable way one can selectively investigate a certain sample depth. To see how well this works in reality we investigated a model sample consisting of two glass fiber reinforced plates with orientations orthogonal to each other. Fig. 7a presents the result where a local anisotropy vector is plotted as a function of sample depth. The projection of this surface displays the abrupt change of orientation with depth while the surface itself is the representation of a depth resolved orientation. This technique was applied to the injection moulded sample of Fig. 6 at the location where depth averaged measurements indicated almost no orientation. It was found that orientation changes significantly with depth (Fig. 7b) . If such an analysis were performed at each raster point one would have a . complete three dimensional orientation field. To obtain the same information in a conventional way one would perform microscopy on cut and polished specimens which would mean a tremendous amount of work and finally also a destroyed sample. In order to evaluate the quality of theoretical descriptions it is interesting to compare measured orientation fields with computer simulations of the material anisotropies. To investigate this problem the IKP Stuttgart cooperates closely with the IKV Aachen where the simulation and the sample manufacturing is performed. Fig. 8, 9 show the results of 
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, , , microwave orientation measurements and calculation of fiber orientation in a complex RRIM -Box. The size of this three dimensional part with 3 mm thickness was about 50 cm x 30 cm x 6 cm, at a fiber content of 17%. The comparison of the results of microwave measurements and of calculation indicates that the simulation of material anisotropies is quite good though there are disagreements in some areas. The aim of such investigations is now to optimize the calculation on the base of measured data of orientation strength and of orientation angle. Finally anisotropy investigations on polymer films (Fig. 10) with thicknesses between 100 and 300 Ilm show the high sensitivity of this method. Dielectric anisotropy, as measured with microwaves, may be correlated with the mechanical shrinkage of the polymer films [9] .
CONCLUSION
A fast nondestructive microwave method (frequency 30 GHZ) for characterisation of anisotropy fields in platelike dielectric parts was presented. It is shown that local anisotropies can be investigated by rotating an open ended waveguide. Some RRIM and GFR injection moulded samples are inspected with microwave orientation imaging. First experiments show in addition the feasibility of orientation depth profiling: By tuning the distance between the open ended waveguide and the polymer part as well as between the part and a conducting reflector plate in a suitable way one can selectively investigate the anisotropy of a certain sample depth. A correlation of dielectric anisotropy and mechanical shrinkage of PVC-films indicates the high sensitivity of microwave orientation measurement with this method. The inexpensive equipment works without networkanalyser and should be ideal for industrial material characterisation and process control.
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